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Illustrations by Henning Falk, under a CC BY 4.0 license. Modifications to this illustration include cropping.
Zebrafish image Courtesy of J. Huisken and K. Weiss
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Research Data Management Challenges - Nrol 4

3I0IMAGE

File storage and organization: the risk of data fragmentation

A collaborator doing image
analysis has no access or
needs to have the data locally

Institutional backed-up storage Lab meeting / seminars, etc.
- | need to show my

results:

Send him/her a copy... Exporting as JPEG to

create a few figures...
Cond A Cond B

Gene B

Gene A

Stored on local computers,
sent via emaltls, etc.

file system X:
945 GB (used) / 51 GB (free)

lllustrations by Henning Falk, under a CC BY 4.0 license. Modifications to this illustration include cropping. 2024-09-26 3
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The data management problem
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In classical file browsers: - 310IMAGE

Y < | Dyenamics
Start Freigeben Ansicht

«— v P « Temp » CAi-Modul_WS18_19 > Dyenamics
= Bilder A O Name a
Google Drive X Tag1 Livecelllif
sciebo X Tag2_livecell lif
Begutachtung_Sep19 X Tag3_fixlif
CoreFacilities_HHU_Sander X Tag4 fixlif
INF X Tag4 yeastlif
702 X Tag5_Ecolilif
X Tags.lif
@ OneDrive [] Tagblifext
W Dieser PC X Tag7_GUVs.lif
y 3D-Objekte X Tag8 yeastlif
Image acquisition e
m Desktop
[£] Dokumente
4 Downloads
D Musik
[E Videos
. 05(C)

sy fs (11\134.99.190.97) (V2
= Daten (\\134.99.190.96) (Z:)
& Netzwerk
v

11 Elemente 1 Element ausgewahlt (2.01 GB)

v U "Dyenamics” durchsuchen

Anderungsdatum

05.11.2018 18.09
06.11.2018 17:15
07.11.2018 17:14
08.11.2018 13:19
08.11.2018 17:32
09.11.2018 16:16
12.11.2018 1741
12.11.2018 17:41
13.11.2018 18:20
14.11.2018 16:55
14.11.2018 15:54

No preview available.
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Es ist keine Vorschau verfiigbar.

Not searchable.

Courtesy of S. Weidtkamp-Peters

https://commons.m.wikimedia.org/wiki/File:Bryce Bayer Lab Notebook U203 page 1.jpg CC BY-SA 4.0

feo T Srgqen

..usually itis in a
hardcover lab notebook
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How do | even open the images ? - SIOIMAGE

Biological images are generally saved by the
microscopes in vendor specific proprietary
formats (> 100 different formats).

The vendor can provide software for
opening these images, but:

- License?

- Backwards compatibility?

Need to convert the images to an open
format, OME-TIFF, while preserving:

- Data

- Metadata

T C><)

QI:J 3I BRUKER &DICOM FUJFILM GATAN
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PerkinEimer Open Source Micros

For the Better

Microscopy Software

£ BIO-FORMATS

Swedlow et al. (2003) Informatics
and quantitative analysis in
biological imaging. Science
300(5616), 100-2.

DOI: 10.1126/science.1082602

CIDAS Gottingen - Josh Moore - Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546
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OMERO is a microscopy data management platform '

o » [Tfacility

S Nl N
"'-..._-/\-..—-/“--..—-/

—

‘ ’ central storage

OMERO
|

Core Facility

< seript analyse > execule
FResuft:

vind

own microscope

Schmidt, C., Bortolomeazzi, M., Boissonnet, T., Fortmann-Grote, C., Dohle, J., Zentis, P., Kandpal, N., Kunis, S., Zobel, T., Weidtkamp-
Peters, S., & Ferrando-May, E. (2023). 13D:bio's OMERO training material: Re-usable, adjustable, multi-purpose slides for local user
training. Zenodo. https://doi.org/10.5281/zenodo.8323588
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How OMERO helps with data management

Example Projects and
Datasets

V

Managed data
Preview
avallable
Access to
metadata
User-friendly but
machine-
accessible

m & &=

[ & Webclient x =

< C ®
+s*OMERO

Data

History Mapr

GROUP Mary Mayperson

Tags

Explore Shares

o P u
J. Mary Mayperson

il 2010_CMBE_ExpressionTest

{8l 2011_VTK_ZyxinConfocal

il 2012_MPIMolBio_CrossSec_Lymphangio

il 2017 Nuc-Intens_Tcells

(@3 20171115_M33_pERK

20171115_0h_DMSO_pERK_01_D1.czi
20171115_0h_DMSO_pERK_02_D1.czi
20171115_0h_MG_pERK 01_D1.czi
20171115_0h_MG_pERK 02 D1.czi
20171115_0h_X_pERK _01_D1.czi
20171115_0h_X_pERK_02_D1.czi
20171115_3h_DMSO_pERK_01_D1.czi
20171115_3h_DMSO_pERK_01_D2.czi
20171115_3h_DMSO_pERK_02_D1.czi
20171115_3h_DMSO_pERK_02_D2.czi
20171115_3h_DMSO_pERK_03_D1.czi
20171115_3h_DMSO_pERK_03_D2.czi
20171115 _3h MG _pERK 01 D1.czi
20171115_3h_MG_pERK_01_D2.czi
20171115_3h_MG_pERK _02_D1.czi
20171115_3h_MG_pERK_02_D2.czi
20171115_3h_MG_pERK_03_D1.czi
20171115_3h_MG_pERK_03_D2.czi
20171115_3h_X_pERK_01_D1.czi
20171115_3h_X_pERK_01_D2.czi
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) https://YOUR_OMERO_WEB_ADDRESS

Help

'Add filter v

Tag Search

Preview thumbnails
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General

Acquisition Preview

Full viewer m i .’?’;

20171115_0h_DMSO_pERK_01_D1.czi

S

Image ID: 58103
Owner: Mary Mayperson |Showall v |
Image Details v

Metadata ¢

Add Description
Import Date: 2022-04-08
Dimensions (XY): 1912 x 1912
Pixels Type: int16

Pixels Size (XYZ) (um): ).07 x 0.07 x
Z-sections/Timepoints:

Channels: Ch2-T1, Ch1 &
ROI Count:

Tags -

+

Key-Value Pairs -

Added by: Mary Mayperson

Key Value
CellType CD4+ T cell
Organism Mus musculus
Organ Spleen

IsolationMethod MACS negative sort

ActivationMethod anti-CD3/anti-CD28

Managing FAIR microscopy data at scale for universities and research institutions: an introduction for non-imaging stakeholders




NFJl4

Analysis in the data management workflow . NI

A\]
Planning,

Data Search

& Re-use
Researcher

o+ OMERO LXport Images

Image File
Storage & Access

ROls

Archiving,
Long-Term
Storage

Metadata

Analysis

(Data-)
Publication

Tables

A practical guide to bioimaging research data management in core facilities, Journal of Microscopy, Volume: 294, Issue: 3, Pages: 350-
371, First published: 16 May 2024, DOI: (10.1111/jmi.13317) 2024-09-26

Managing FAIR microscopy data at scale for universities and research institutions: an introduction for non-imaging stakeholders



Nl 4
3I0IMAGE

Example layout of a biological study with bioimaging data .

Detect with microscope:
DAPI (cell nuclei = DNA)

Drug treatment p-ERK (a protein)

mmwes 7 (Oh_DMSO_pERK

s> 3h_DMSO_pERK

mmwe= 7 0Oh_MG_pERK

3h_MG_pERK

Oh_X_pERK

3h_X_pERK

12/03/25 9
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(OMERO live demonstration and self-exploration
for workshop participants)
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Advantages of OMERO for RDM - SIOIMAGE

Central, backed-up storage for bioimaging data

* In original file format, with preview options and metadata access
Shared visualization and annotation for metadata enrichment
Remote and controlled access for defined user groups

~igure creation and export directly with original images

nterfaces for image analysis available (e.qg., Fiji, QuPath, etc.)

Can be connected to ELNSs



How about very large data? ' SIoMAGE
Advancements in imaging technology: higher resolution, sensitivity, imaged area, ...

b Images can have sizes in the order of multiple TBs!

How can we deal with such large images:

Store

View + Analyse
Share

Mouse embryo (~2018) 5 TB, 1 volume McDole et al. Cell (10.1016/j.cell.2018.09.031)

2169 X 2048 X 988 (xyz) pixels
532 timepoints X 2 Channels X 16bit

“Monolithic vs. chunked” by Henning Falk https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022
NumFOCUS (CC BY 4.0)
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OME-Zarr, a chunked file format - B IOIMAGE

oMe-Z.arr

Zarray [240 &l
0.0.0 [2e0 kRe]

¥
0.0.1 [2&0 ke]
0.0.2 [2e0 kE]

Def. (n) directory-like layout of data rather than a single file, header information is
available in formats like JSON or YAML.

> natively supports parallel writes » many more files on disk _ _
> server-less access to contents » no easy way to lock on update N|EthgeneratI08|\f/|I|Ee LOG”FT;:at
» much more web-like access » reduced desktop support also Known as -

» can avoid costly downloads,
e.g. when on S3

CIDAS Gotti ngen - Josh Moore - Scalable Strategies (2025-01'23) 10.5281/zenodo. 14716546 Moore et al. (2021). OME-NGFF: a next-generation file format for expanding bioimaging data-access strategies. Nature
“Monolithic vs. chunked” by Henning Falk https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022 NumFOCUS (CC BY 4.0) atedirerls (2024, Pulaliticet 22 Waviaiiléy 2024 1101 10 MRS sl QIO eny iiyens G (dita et
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Multi-resolution, 5D+ image data - 310IMAGE

plate.ome.zarr/row/col/well/image/resolution/t/c/z/y/x

L J1\ L JU J1\ J
OoME-Z.arr
‘ ‘ Chunk coordinates Tvaltygper: ",
a > Image pyramid l El__
N 4
L E ' ‘: N4 zarray [240®l
Plate > Well : Resolution levels ' Compressed chunk 0.0.0 [260 kE]
oooooooooa| s B~y Downsamplngs: 04 98 - = U0 B
[ [ PP o) B ; -~ !
DDDDDDDDD% B B ! : :
0000000000 I : : '
0000000000 | ~ © © Tes d |
0000000004a| N, B s} i ; ==
0000000000 \ D i) : : 2
0000000000 \ | P
178 10GB HBE

‘\,M v omyg ) - !"} C

2560 x 1822 2560 x 2430 2560 x 2160 2560 x 2160 256 x 256

Moore et. al: Histochemistry and Cell Biology (2023)

CIDAS Gottingen - Josh Moore - Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546
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Multi-resolution, 5D+ image data NFDI 4
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External Storage I Network I Local Computer

[,
L- datasettif [120 GB] @

SPLIT CONCATENATE L, it i
=D

[}

NETWORK
¥
[}

Monolithic file format
Access via network

OME-Zarr

OME-Zarr
= (A,)W. et Crdvygpers hat,)

zarvay [2e0w]
00.0 1260k
001 tacorn)
I:] I:] 002 acomnl

| NETWORK |

Chl:r:kable fllzzc::mat % OM g-Zarr viewed in
“+OME napari
CIDAS G(‘jttingen - Josh Moore - Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546 Moore et al. (2021). OME-NGFF: a next-generation file format for expanding bioimaging data-access strategies.Nature
“* H H ” H . H H : . i ; N . - - - 2, it. iting-
Monolithic vs. chunked” by Henning Falk https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022 NumFOCUS (CC BY 4.0) methads (2021). Fublished: 29 November 2021 DOI: 10.1036/¢41552-021:01326-w hitps://bitlv/citing-ome
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Growing support for viewing analysing
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Neuroglancer
OME-Z.arr

—* .Zarray [2+40®l
——» 0.0.0 [Reo0 RE]
—a» 0.0.1 [2e0 RB]

= 0.0.2 [2&0 RE]

Webknossos

Fiji/BDV/MoBIE

CIDAS Gottingen - Josh Moore - Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546
@EaNS: P

Managing FAIR microscopy data at scale for universities and research institutions: an introduction for non-imaging stakeholders ©



Let’s explore a “small” example from the Biolmage Archive - N=014
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https://www.ebi.ac.uk/biostudies/Biolmages/studies/S-BIAD515

BioIlmage Archive e —

Examples: brain, micro:
Home Browse Submit Galleries Help ¥| Metadata Help V‘ Policies ¥| Aboutus ¥ . eedback | (= Logout Miche]

——— MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1TO_none.ome.tif

RNAScope Data - Mapping the developing human immune system across organs

= 15GB (20257 x 30311 x 5 Pixels, 3 Channels)

S-BIAD515 Show v |entries

n RNAscope raw images presented in the original manuscript Name

Human fetal thymus, 16 weeks

Type in situ hybridization
—  MH_PFI_1062_F124-SPL_Nucleus_PF4_KLF1_T

Homo sapiens (human)

yw Thymus, Spleen, Gut, RNAscope, Immune, Fetal, human
—  MH_PFI_1214_F76-THY_Nucleus_PF4_KLF1_TE
License cco®
ublic " Suo C, Dann E, Goh I, Jardine L, Kleshchevnikov V, Park JE, Botting RA, Stephenson E, Engelbert J, .
Tuong ZK, Polanski K, Yayon N, Xu C, Suchanek O, Elmentaite R, Dominguez Conde C, He P, Pritchard s, Miah M, B4 PF1 1068 F73-FS1 Nucieus MPO COHD A
Moldovan C, Steemers AS, Mazin P, Prete M, Horsfall D, Marioni JC, Clatworthy MR, Haniffa M, Teichmann SA. (2022).
Mappir e developing human immune system across s. Volume 376. Issue 6597. & 35549310
MH_PFI_1218_F76-THY_DNTT_Nucleus_VPREB
RNAscope -
image acquisition and feature extraction protocol Showing 110 5 of 7 entries eV n 2 Next

Raw RNA images from original manuscript

n 7 RNA images from 3 donors with either 3 or 4 plex RNAscope panel plus nuclear staining, see tsv
file for metadata and pointer to relevant figure in the manuscript

thod confocal fluorescence microscopy

st BiolmageArchiveSubmission_PF_Sanger.json [CTEESI) « Single-cell roa

dmap of human gonadal development

« Spatially resolved single-cell multiomics map of
human trophoblast differentiation in early pregnancy

Also available from FTP (but remember, this is 15 GB!):
https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH PFl 1216 F76-THY Nucleus MPO CDH5 AZU1l Meas3 A03 F1TO none.ome.tif
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There is a faster way! -

https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD515/IM4.html

MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

Copy S3 URI to clipboard
© image_0

oy, ——————4 15GB (20257 x 30311 x 5 Pixels, 3 Channels)

Human fetal thymus, 16 weeks

DAPI

Open in ITK viewer

Open fullscreen in Vizarr

Open in Neuroglancer Opal 650

Download original (?MiB) Opalaro

Can you find the areas richer in blood vessels?

Hint: Zoom in and play with the green slider.

Also available from FTP (but remember, this is 15 GB!):

https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH PFlI 1216 F76-THY Nucleus MPO CDH5 AZU1 Meas3 A03 F1TO none.ome.tif

Managing FAIR microscopy data at scale for universities and research institutions: an introduction for non-imaging stakeholders


https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD515/IM4.html
https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

- N—ol4
3I0IMAGE

(Dataset exploration with OME-Zarr in the
Vizarr viewer)
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A FAIR Bioimage Data Vision
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BioFlle Finder

Welcome to BioFile Finder

- Ev o

BioImage Archive

Help ¥| REMBIHelp v | Policies ¥| Aboutus ¥

Home | Browse | Submit

IEA BioImage Archive interactive
image explorer

A selection of studies from which individual images can be

hich one
jisualisati
desktop clients.

for how to contribute

Release

Summary * Studytitle e Imaging method / organism Example
ate

S-BIAD7 High-throughput microscopy exposes a 2019-05-16 confocal fluorescence microscopy
pharmacological window in which dual

1170 mages  leucine zipper kinase inhibition preserves mus musculus (mouse)
neuronal network connectivity

S-BIAD144  The glucosylceramide synthase inhibitor 2021-05-31  confocal fluorescence microscopy
PDMP causes lyso-somal lipid accumulation

223images  and mTOR inactivation Homa sapiens (human)

Channels,

20
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